A rapid biodiversity assessment was carried out in the Sierra Chinajá, Guatemala in order to support the conservation policies of the national agency for protected areas management. This study represents the first systematic account of the flora and fauna of the area. The floristic composition was surveyed using 21 Whitaker plots and non-systematic sampling of other vegetative strata. Bird communities were assessed using a system of point counts and mist nets. Bats were sampled with mist nets at 400 m and 600 m. For small terrestrial mammals, two transects with 90 traps each were established at low and high elevations. Reptiles and amphibians were collected through non-systematic walks through forest patches. Dung beetles were sampled with pitfall traps. A total of 309 plant species were found, including trees, orchids and bromeliads. The list of animal species includes 20 bats, four rodents, one marsupial, 110 birds, 24 reptiles, 14 amphibians, and 20 dung beetles. The results indicate that the Sierra Chinajá is an ecotone or transition zone from predominantly tropical lowland to a mix of montane environments.
Introduction
In 1989, the Sierra Chinajá was declared by Guatemala's protected areas management agency, the Consejo Nacional de Areas Protegidas (CONAP), as a special protection area. This is a temporary classification, which, by law, requires further technical studies in order to give the area operational management status. Although the Sierra Chinajá has been recognized as having natural resources of national importance that warrant protection, this area still has not been permanently classified under Guatemala's system of protected area categories. Thus, it still lacks formal on-theground administration and management (Bonham et. al. 2008) . For this reason, and the chaos resulting from a 30-year armed conflict, several indigenous communities have illegally settled in the Sierra Chinajá, which drastically affect its natural resources.
The first step required by Guatemalan law to move the Sierra Chinajá from being an area of special protection (a 'paper park') to a functional protected area is the preparation of an 'Estudio Te cnico' or technical study, as mandated by CONAP (1989) . This study forms the baseline from which management plans and other multiple-use/concession plans can be formed. Part of the study involves an assessment of biodiversity. Prior to the research reported in this paper, no efforts had been made to document the biodiversity of the Sierra Chinajá. In order to assess the biological diversity of the area, a variety of rapid assessment methodologies were adapted to gather basic information. Rapid assessments of biodiversity, although incomplete due to limited time and financial constraints, are nonetheless useful in identifying relevant biodiversity values and potential management options (Sayre et al. 2000) . The limitations of any study that is time-bound are obvious; however, by targeting certain taxa, through the use of indicator species, these studies can be used to tailor management plans to conserve areas with unique biogeographical value (Gaston and Blackburn 1995; Kerr et al. 2000; Oliver and Beattie 1993) .
In particular, dung beetles (family Scarabinae) are considered good ecological indicators because they are commonly found in distinct assemblages with specific biogeographical distributions (Favila and Halffter 1997) . Additionally, amphibians are sensitive to habitat alteration and degradation due to climate change (Young et al. 2001) . The need for high humidity and microhabitat niches (e.g. tank bromeliads, coarse woody debris and deep leaf litter) characteristic of mature forest limits the distributional range of many amphibian species, particularly tree and leaf frogs, to forest habitat. Therefore, these species may serve as ecological indicators (Pearman 1997) . Furthermore, some amphibians are confined to a home range near their place of birth and therefore can be good indicators of local site conditions (Campbell and Vannini 1989) .
The information gathered through this study is currently being used by a local non-profit organisation (APROBA-SANK) to support CONAP in their efforts to change the status of the Sierra Chinajá to a more formal and exclusive category, and also to integrate the communities living in the area into its conservation and management.
Study site
The Sierra Chinajá is located in the northern region of the Municipality of Chisec in the department of Alta Verapaz, Guatemala (Figure 1 ). It comprises 12,833 ha of karst mountains, ranging from 200-765 m. Replete with dissolution caves enshrouded by lowland and montane semi-deciduous tropical forest, this isolated mountain range marks the last massif between the Sierra Chamá and the expansive northern lowland limestone plateau of the Pe ten. Its steep slopes give way to an interior upland plain that provides suitable lands for both agriculture and a variety of unique highland species. Seventeen communities from the Qeqchí ethnic group (approximately 3220 inhabitants) live in the Sierra Chinajá.
According to Holdridge (cited by Barrios 1995) , the Sierra Chinajá belongs to the very wet sub-tropical warm forest life zone and is totally isolated from other mountain systems due to its geographic location and the historic pattern of land conversion. The climate of the area has been established from 9 years of observations at the nearest weather station in San Agustin Pe ten, (16 04'00''N, 90 26'20''W) at 140 m, collected by the national weather forecast institution (INSIVUMEH) . The mean annual temperature is 26 C, mean annual precipitation is 2252 mm and mean annual relative humidity is 83%. There are two seasons: the driest months (mean rainfall ,100 mm) occur from February to April; the wet season (mean rainfall .200 mm) occurs from June to December.
Materials and methods
Systematic sampling was conducted between June and October 2005. Several taxonomic groups were selected based on their perceived potential as indicator species and biogeographic importance. Taxa were also chosen based on ease of data collection methods and availability of Guatemalan expert consultants and collaborators. This study focused on five groups: plants, avifauna, mastofauna, herpetofauna and entomofauna.
Four study sites were selected for sampling based on their degree of accessibility, forest integrity and habitat type. These sites were located in undisturbed primary forest interspersed with a matrix of perennial and annual agricultural fields. The terrain possessed slopes between 25-35%, with well-drained, clayey soils. The study sites were: Site 1, Nueva Esperanza (400 m; Site 2, Mucbilha II (300 m); Site 3, Nueva Chinajá (615 m); and Site 4, Tzulul Qeqchi (750 m). However, not all taxa were sampled at all sites.
The forest cover composition was inventoried in the areas surrounding each of the four study sites using five randomly located transects, with Whittaker plots of 20 x 50 m established every 500 m (Comiskey 1999) . In total, 21 plots were established to assess the diversity and abundance of mature forest at upper elevations (.400 m). Species height, form class and diameter at breast height (DBH) of all trees .10 cm DBH were recorded. These parameters were analysed to estimate species importance on a per hectare basis. An importance value for each tree species was calculated based on the frequency, density and basal area (Matteucci and Colma 1982) . The other plant strata were sampled non-systematically through a series of non-random transects and reconnaissance walks in various habitats at the study sites. All flowering and fruiting species were collected, catalogued, preserved, identified and deposited in national herbaria at the Center for Conservation Studies (CECON) and the Faculty of Biology at the University of San Carlos (BIGU).
Point count methodology and mist nets were used to record bird species (USFS 2002) . Thirty point counts were located along trails and roads in three sampling sites, Nueva Esperanza, Tzulul Qeqchi and Mucbilha. Each point was separated by 250 m, and 10 min was spent at each point to identify birds present using audio or visual means. All transects were begun at 05:30 h, the approximate time of sunrise, and ended no later than 10:00 h. In addition, an array of six mist nets, 7 · 2 m, was used to sample the cryptic understorey avian community. Species were identified according to Howell and Webb (1995) .
For bats, the trapping configuration consisted of five mist nets, each 12 m long, and one harp trap. The total effort at each of the three sites sampled (i.e. Tzulul Qeqchi, Mucbilha, Nueva Chinaja) was 100 h/net. These nets were opened shortly after sunset (18:30 h) and closed 4.5 h later (23:00 h), so as to be operable during peak feeding activity.
On capture, the time was noted, the individual was identified and reproductive condition determined using Medellín et al. (1997) and Reid (1997) before release.
Small terrestrial mammals were surveyed at two sites, Nueva Chinajá and Mucbilha II. In each site, a transect was made, placing alternately a Sherman, Museum special and Victor Rat Trap every 10 m following trails through forest patches and cardamom plantations. Two additional Tomahawk traps were located in each transect. Ninety trapping stations were placed in Mucbilha II and 90 in Nueva Chinajá. Bait consisted of oats, peanut butter and raisins in a proportion of 2:1:1. Each trap was baited each morning at 06:00 h and was checked every evening. Animals collected were measured and identified with field guides and deposited at the mammal collection at the Natural History Museum of the University of San Carlos de Guatemala (MUSHNAT), where the identification was confirmed.
The reptile communities were sampled through diurnal and nocturnal walks in forest patches and along foot trails in Mucbilha II and Nueva Chinajá. All specimens collected were identified and placed in the MUSHNAT collections. These walks lasted from 06:00 h to 10:00 h in the morning and from 18:00 h to 23:00 h in the evening, on five consecutive days in the wet season in September.
The community of copronecrophagous beetle species was assessed in Nueva Esperanza, Mucbilha and Tzulul Qeqchi through a system of pitfall transects. In each study site, two transects were located along foot trails crossing forest patches. Each transect was 200-m long and had pitfall traps consisting of a 450-ml plastic container (11 cm tall · 11 cm diameter at the opening) placed every 20 m. The traps were dug into the ground, half filled with soil and horse dung in a 3:1 ratio, and partially covered with a lid that had a wedge removed, about 25% of the surface area, to allow entry, but also to complicate the exit of any individual lured into the trap. In order to avoid confusion, florescent flagging was used to mark the location of the traps. Traps were left for 24 h and recollected at 09:00 h on the following morning.
Although this study was a rapid analysis and registered only a small portion of the total distribution of diversity and abundance of species in the Sierra Chinajá, it was designed so as to permit multivariate statistical analysis. A cluster analysis using the Simpson index was used to examine the evenness among biological communities and allow for an interpretation of the affinities of the three study sites. This analysis is presented in several dendrograms and rarefaction curves, which were generated using the program PAST ver. 1.81 (Hammer et al. 2001 ). Dendrograms were not generated for all groups of taxa as some of the sampling methods did not lend themselves well to statistical analysis or the data were too sparse.
Results
A total of 309 species of plants were found in the Sierra Chinajá: 77 trees, 141 shrubs, herbs and vines, 73 orchids and 18 bromeliads (Tables 1 and 2 ). The 10 species with highest importance values were: Terminalia amazonia, Bursera simaruba, Manilkara zapota, Pouteria amygdalina, Blomia pisca, Pouteria sp., Psidium sartorianum, Desmopsis stenopetala, Pseudobombax ellipticum and Lonchocarpus guatemalensis.
A total of 77 tree species (578 individuals) were recorded in 21 plots. The standard error was 0.42 and the corresponding sampling error was 2.5%. A cluster analysis using the Simpson index was used to compare the similarity among the three sub-sites sampled: Nueva Esperanza, Tzulul Qeqchi and Mucbilha. These three sub-sites are compared in the Figures 2 and 3 using the diversity of trees, birds, beetles and the three groups combined as metrics for describing the degree of similarity among the sub-sites. The figures consistently group Nueva Esperanza and Mucbilha (sites A and C). Tzulul Qeqchi is the outlier, having an assemblage of species more specifically distributed to that particular area.
The survey also revealed 110 bird species, 24 reptile species, 14 amphibian species, 20 bat species, five small terrestrial mammal species and 20 dung beetle species (Tables 3-8 ). Species accumulation curves were created to analyse and estimate the total diversity of all taxa sampled (Figure 3) . None of the curves presented are approaching their asymptotes, which suggests that more sampling would provide a clearer understanding of total species diversity. The beetle and rodent curve is particularly steep, indicating significant diversity left to be recorded.
Discussion

Biogeographic status of Chinajá
The Sierra Chinajá is structurally and floristically similar to both the limestone mountains to the east in Belize and to the west in Mexico (Breedlove 1981; Meerman and Matola, 2003) . Because of the interface between lowland and montane habitats, many species that are commonly separated exist together in the Sierra Chinajá. The rapid nature of this investigation provides just a glimpse into the floristics and diversity of the Sierra Chinajá. The region may contain as many as 4,000 plant species (Martinez et al. 1994) . The suitability of the habitat provided by the Sierra Chinajá to both lowland and highland species explains its species richness. Its biogeographic isolation is another factor that makes this mountainous forest likely habitat for endemic populations, which further contributes to its potential species richness.
The majority of bird species (Table 3) are characteristic of the tropical lowlands of the Pe ten, as evidenced by the presence of individuals of typical lowland families such as Furnariidae, Formicariidae, Cotingidae, Thraupinae (Stotz et al 1996; Howell and Webb 1995) . Nevertheless, 16 species are characteristic of upland tropical forest avian communities. This is likely to reflect changes in habitat type due to the orographic uplift in this isolated mountain chain. In such ranges, ecological zones are often compressed, resulting in the distribution of high montane species at lower elevations (Grubb 1971; Whitmore 1998) . This uplift has effectively isolated these 16 montane species as if they were on an island.
Twenty bat species were recorded, of which Carollia sowelli was the most abundant (Table 4 ). The composition of the bat community of the Sierra Chinajá is similar to that of the bat communities of the Atlantic lowlands (Perez, S. watsoni. This elevated diversity may suggest a relatively complex system of niche partitioning worthy of further study. Another indicator that Chinajá posesses elements of low montane cloud forest is the presence of Sturnira ludovici. This species, representative of medium-sized mountains, was found sympatrically with S. lilium, the sister species more typical of the lowlands (Perez et al. 2005) .
Of the five species of small terrestrial mammals found, the most important was Peromyscus mexicanus (Table 5) . This is found in mountains of medium elevation and is absent in the adjacent lowland jungles of the Pete n. This is a new distribution record according to the mammal collection of the MUSHNAT, reaching its most northern distribution in the Sierra Chinajá.
The total of 14 species of amphibians and 24 of reptiles collected (Tables 6 and 7 ) is likely to be only a fraction of the total herpetofaunal diversity in the area. The majority of the Sierra Chinajá is generally below 600 m, thus the predominant herpetofaunal species are widely distributed in the Caribbean lowlands of Mesoamerica (Campbell and Vannini 1989) .
The presence of Agalychnis moreletii and A. callidryas is another example of lowland and montane habitat overlap. According to Campbell and Vannini (1989) , A. moreletii has a relatively restricted distribution, occurring in mesic forests along streams flowing through mountainous regions and, therefore, it is less likely to be found than A. callidryas. It occurs from central Veracruz and northern Oaxaca, Mexico, southward on Atlantic slopes to Guatemala and Belize. In Table 2 . Tree strata data from Whitaker plots at Sierra Chinajá. Bonham, C. Guatemala, the species ranges from 500 m to 2130 m (Campbell and Vannini 1989) . A. callidryas is commonly found in the Atlantic lowlands and foothills from southern Veracruz and northern Oaxaca, Mexico, southward through Mexico, Guatemala, Belize and eastern Panama. In Guatemala, this species ranges from near sea level to about 950 m (Campbell and Vannini 1989) . The presence of Eleutherodactylus xucanebi is further evidence of the montane character of the Sierra Chinaja, as its distribution ranges between 500 and 1500 m. Thus, biogeographic isolation and biodiversity concentration could be occurring in the Sierra since it is an island of montane habitat surrounded by lowland forest habitat that is unlikely to support these highland species.
Among the 20 species of dung beetle (Table 8) , the presence of Copris laeviceps and Copris nubilosus suggests once again that Sierra Chinajá is an ecotone or area of transition, because these species are characteristic of two distinct biogeographic areas: the highlands of Alta Verapaz and the the lowlands of the Pe ten. Copris nubilosus was first described in 2003 (Kohlmann et al. 2003) and until now was only reported from colder high-elevation cloud forests between 1350 and 1800 m, in the Sierra Cuchumatanes and Sierra de las Minas. Copris laeviceps is a characteristic lowland dung beetle recorded from sites in the Atlantic lowland forests of Izabal as well as the Pe ten Plateau to the north (Kohlmann et al. 2003 ).
Status of rare and endemic species
One notable endemic population is that of Ceratozamia robusta (a member of the Cycad family). This Neotropical genus is distributed in mountainous parts of Mexico, Belize and Guatemala (Jones 1993) . The species reaches its southernmost distribution in Guatemala and is a rare ornamental (Jones 1993) . The conservation of rare endemics of market value is of principal importance to conservation and land management efforts.
While six migratory bird species were recorded, including streaked flycatcher (Myodinastes maculates), northern waterthrush (Seiurus noveboracensis), black-and-white warbler (Mniotilta varia), Kentucky warbler (Oporornis formosus), Canadian warbler (Wilsonia canadensis) and Baltimore oriole (Icteus galbula), more are expected to use the area as a wintering ground. It is worth mentioning that local residents recognized the horn-billed guan (Oreophasis derbianus), a rare endemic typical of highland forests, from illustrations presented to them and claimed it is found in the highest parts of the mountains. Similar results were recorded by Jolon (2003) in the nearby Candelaria Caves National Park.
The presence of several unique Chiroptera species such as Mimon cozumelae, Trachops cirrhosus and Tonatia saurophila, restricted to well-developed mature lowland forests, is also an indicator of the healthy state of forests in the Sierra Chinajá (Fenton et al. 1992 ). Due to their habitat specificity, these species have been proposed as ecological indicators (Fenton et al. 1992) . It is important to mention the presence of Diphylla ecaudata in Nueva Chinajá, an uncommon species in human-associated areas because it feeds on the blood of non-domesticated animals (Uieda 1992) .
The fact that two new Coleoptera species of the genera Canthydium and Onthophagus were found, as well as at least one new species of Passalid beetle (Passalidae) (Schuster, personal communication), suggests that the Sierra Chinajá may already have given 
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rise to speciation, and raises the question to what extent it has served as a refuge through epochs of geologic and climatic change.
Cross-site comparison
The Simpson indices consistently group the study sites Mucbilha II and Nueva Esperanza, while separating out Note: *According to Stotz et al. (1996) Tzulul Qeqchi. This may reflect the unique species assemblages present at Tzulul Qeqchi, which is located at a significantly higher elvevation. Tzulul Qeqchi and Nueva Chinajá represent the highest and best-conserved forests of the Sierra; correspondingly, the bat species richness is considerably higher. In Mucbilha II, the presence of vampire bat species, including the common widespread species Sturnira lilium, underscores the degree of environmental perturbation. These species are commonly associated with zones of forest regeneration or areas that have been managed for agriculture (Fenton et al. 1992 ). Thus it is not surprising to find these species as well as D. rotundus, often associated with ranching, occurring sympatrically. P. mexicanus found in the upper elevations, was absent in the lower elevation sampling site of Mucbilha II and is also absent in the vicinities of Laguna Lachua National Park, a low-elevation tropical wet forest in the same region (Perez, S. personal communication 2005) . Thus, P. mexicanus may now be isolated in the upper elevations of the Sierra Chinajá. At Tzulul Qeqchi (750 m), a community of seven species of hummingbirds (Trochilidae) included: Amazilia candida, Amazilia tzacatl, Phaethornis superciliosus, Phaethornis longuemareus, Campylopteris curvipennis, Eupherusa eximia and Phaeocroa cuvierrii. Based on the total number of species and the number of endemic species, Tzulul Qeqchi was identified as the most important site, with the greatest number of montane species. This is most likely because this site occupies the highest parts of the Sierra and has maintained a large degree of forest integrity.
Conclusions
An ecotone of elevated biodiversity
This rapid assessment of biodiversity underscores the importance of the Sierra Chinajá as an ecotone between the Verapaz highlands and the Pe ten lowlands, serving as habitat for both lowland and highland species. Due to its isolated position on the northern edge of the southern orographic uplift of Guatemala, the Sierra Chinajá may be one of the lowest elevation cloud forests in Mesoamerica where biogeographic speciation may be occurring. This assertion is warranted not only by the data, but also by the so-called Massenerhebung effect described by Grubb (1971) , which causes the formation of montane forest conditions at lower elevations on narrow and isolated mountain ranges (Flenley 1995) .
Many characteristic highland species are distributed at the upper elevational sites (.600 m) of Tzulul Qeqchi and Nueva Chinajá. These areas of lowland and highland ecosystem overlap are of primary conservation importance because of their elevated species richness. The presence of 16 typically highland avian species suggests a highland affinity of the avian community at higher sites. Not only is this pattern evident in birds, but also in dung beetles, where Copris nubilosus was found, a species previously reported only in Purulha, Alta Verapaz, a cloud forest habitat at approximately 1,200 m. The presence of this species in Sierra Chinajá is not only a new record, but also suggests the ecological importance of this mountain chain. The same pattern is true for Mastofauna, such as Dermanura tolteca, Sturnira ludovici and Peromyscus mexicanus, which are typical inhabitants of upland forests (Perez et al. 2005) . The records of the leaf frogs Agalychnis moreletii, A. callidryas and Eleutherodactylus xucanebi are additional evidence of the highland nature and greater species richness of Sierra Chinajá as compared to adjacent lowland or highland ecosystems. While the majority of the Sierra Chinajá is habitat for predominantly lowland species, all the previously mentioned species are found only above 500 m and thus restricted to habitat that corresponds to less than 25% of the Sierra Chinajá; hence, populations of these species exist in an isolated highland community surrounded by lowland ecosystems. This suggests that they have persisted since the genetic flow between the mountainous areas of the Sierra Chama to the south was cut off. It therefore further suggests that speciation has been occurring within these populations for some time and that the probability of the existence of new endemic species is high. Nevertheless, some highland species may be able to migrate through, or seasonally occupy, lowland habitat, while some lowland species may be able to utilize highland habitat. The degree of habitat permeability or the ability of a species to freely pass from one side of this ecotone to the other warrants further study, and could contribute discoveries to biogeographic theory.
The Sierra Chinajá illustrates an important ecological principle about the permeability of ecological boundaries and its effect on species distribution. The ecotone from predominantly tropical lowlands to a mix of montane environments is an enigma, and remains poorly understood by ecologists (Whitmore 1998 ). In the Sierra Chinajá, species assemblages change as one penetrates the interior highlands of the mountain massif. The change in elevation, and its corresponding effect upon species composition from predominantly lowland to predominantly highland communities, creates sympatric regions with habitat suitable for both lowland and highland species. As recognized by others (Wake 1987; McCain 2004 McCain , 2005 , instead of increased competition leading to the exclusion of certain species, these data suggest that increased biodiversity results.
Conservation importance
The Sierra Chinajá is the ecotone between the Lacandon Jungles and Verapaz Highlands, two areas of high biodiversity and conservation priorities for multi-million dollar biodiversity conservation finance programmes developed by international conservation organisations. Nevertheless, the Sierra Chinajá has not been the target of international conservation investments, despite possibly possessing as much or more ecological value as these two areas.
Although the Sierra Chinajá is located in a remote zone with low population and has an average slope of ,30%, with shallow, rocky infertile soils, largely unsuited for agriculture, it has recently come under significant threat by land invasion, expansion of plantations and small-scale agriculture, illegal hunting and logging, unlicensed collection of ornamental plants, oil exploration and limestone mining. The inequitable distribution of agricultural lands in the more suitable adjacent lowlands has caused widespread dispersed settlement and resource extraction of this marginal area. For this reason, forest coverage is a mosaic of stand types in different successional stages, with only a few blocks of the most remote and inaccessible forest remaining in mature, well-developed cover.
The upper elevational range (.500 m) of the Sierra Chinajá, where much of the unique biodiversity occurs, occupies very little surface area (,25% of the total range). Consequently, conservation of the highest forested slopes of the Sierra Chinajá should be a top priority for government agencies and conservation organisations. These forests provide habitat for many species dependent upon mature forests, as illustrated above. They also contain many valuable timber and nontimber forest resources (Salafsky et al. 1993) . The exploitation of forest species has a long history in the lowlands of the Pe ten (Schwartz 1990) . Timber species such as Swietenia macrophylla and Cedrela odorata have been selectively logged from these areas since colonial times (Snook 1999) . For this reason, and given the current global market for high-value tropical timber, these species are threatened throughout much of their range (Snook 1999) . The Sierra Chinajá also provides habitat to many wellknown non-timber forest product species such as chicle (Manilkara sapota), allspice (Pimienta dioica), xate (Chamaedorea spp.), ramon (Brosimium alicastrum), sarsaparilla (Smilax sp.) and a variety of medicinal plants. The abundance and value of non-timber forest products in this region is a reason to assess development and conservation plans that take advantage of the sustainable management of these high-value species.
The basic understanding of the biodiversity profile of this unique area provides a basis for government authorities to give it the attention it currently lacks and to grant it the management status that will assure its longterm continuity.
